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INTRODUCTION
Food security exists ''when all people, at all times, have physical, social, and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and healthy life" (1) . This definition covers many of the dimensions and components of food security, including temporality and shocks; physical, social, and economic access to food; sufficient quantity and quality of food to meet nutritional requirements; the safety of food; and the ability of individuals to make choices and consume culturally acceptable and preferred foods (1) . Food insecurity is experienced by households and individuals when there is uncertainty about future food availability and access, insufficiency of the amount and kinds of foods (quality) required for a healthy lifestyle, or the need to use socially unacceptable ways to acquire food (1) .
In Mexico, according to the National Health and Nutrition Survey of 2012, the prevalence of food insecurity was 69.8% among Mexican households (2) . The survey reported mild food insecurity in 41.6%, moderate food insecurity in 17.7%, and severe food insecurity in 10.5%. According to these data, 28 .2% of households reduced the amount of food consumed and/or an adult or child spent a whole day without eating (2) . This high prevalence of food insecurity is important because food insecurity is manifested physically and emotionally through symptoms that lead to a deterioration in well-being and quality of life (3) .
When Mexican mothers living in high marginality conditions have a little extra money, they buy seasonal fruits because they are inexpensive, but they prefer that their children consume them. Also, mothers buy certain foods (e.g., bread and pasta) because they perceive that they will produce a feeling of satiety (4, 5) . Food-insecure households have greater availability of maize, wheat, eggs and sugar, but less availability of fresh fruits and vegetables, lean meats, chicken, fish, and milk (6) .
Overweight, obesity, and weight loss are problems associated with food insecurity. Women in their role as mothers may consume a less varied diet even though they know it is not healthy for them (4, 5) . Food insecurity in adult women is associated with low high-density lipoprotein (HDL) cholesterol and high low-density lipoprotein (LDL) cholesterol, triglycerides, and glucose, increasing the risk of developing dyslipidemia and metabolic syndrome (7) (8) (9) (10) (11) .
In coastal areas of Mexico, the fisheries sector is the main source of income. In the fisheries sector, the storage, transport, and distribution techniques are generally insufficient. These deficiencies force fishermen to sell most of the fish they catch at low prices, since they cannot preserve it in good condition for a long time. Consequently, their income, purchasing power and access to other nutrient-dense foods are limited, which may affect food security and economic development adversely, and reduce the social welfare of the population (12) .
In addition, although coastal zones have been part of programs to improve food security, most of the strategies and objectives have focused only on the agricultural and livestock sectors, without making any recommendations for activities related to fishing. Programs aimed at improving food security must seek to reduce or prevent the negative impacts on the population by reinforcing the survival mechanisms of the most vulnerable groups. In addition, they must begin with an initial phase of analysis to understand the vulnerability and need of the population to which they are directed. They should study the socio-economic, cultural, and natural factors that affect food security, as well as health and health conditions (12, 13) .
Therefore, the objective of this study was to determine if food insecurity is associated with dietary and biochemical measures of nutritional well-being in mothers of the Northwest coast of Mexico, which relies primarily on fisheries for livelihood. This information can serve as a starting point for the design, implementation, and evaluation of programs that seek to improve food security, adapted to the needs and culture of these coastal areas.
MATERIAL AND METHODS
The study population consisted of mothers of Kino Bay, a fishing community located in the Northwest of Mexico. The study had a cross-sectional design and was approved by the Research Ethics Committee of the University of Sonora, Mexico. Sixty percent of the streets in the community were randomly selected. Each household of the selected streets was visited, inviting mothers of children attending elementary school (grades 1-5) to participate in the study. Informed consent was obtained from those who accepted to participate. One hundred sixteen mothers agreed to participate (90% of those eligible), and they were surveyed from September 2016 to September 2017. The biochemical assessment was performed in 60% of the sample.
A socioeconomic survey was administered, asking about the number of household members, marital status, schooling, work status, monthly income, and food expenditure. The Mexican Scale of Food Security (14) was administered. This scale consists of 12 items, each with two possible responses: whether the experience described occurred or not. With these items, households were classified into: a) food security (i.e., responded affirmatively to zero items on the scale); b) mild food insecurity (i.e., responded affirmatively to one to three items); c) moderate food insecurity (i.e., responded affirmatively to four to seven items); or d) severe food insecurity (i.e., responded affirmatively to eight to 12 items).
Two non-consecutive 24-hour dietary recalls were carried out; one of them was on the weekend. The amount of each food and drink consumed by the mother, including recipes and forms of preparation, was recorded. For the analysis of dietary information, nutrient composition tables (from the United States Department of Agriculture, Nutrition Labeling Software, and the National Institute of Medical Sciences and Nutrition Salvador Zubiran) and a manual for the dietary estimation procedure were used (15) . We recorded the frequency of consumption of 14 food groups, using the methodology of the 2016 National Health and Nutrition Survey. To consider a food as consumed, mothers should have consumed ≥ 10 grams of such food. To consider a food group as consumed, mothers should have consumed it for two days. We also calculated the average intake of energy, macronutrients, and FOOD INSECURITY WAS ASSOCIATED WITH LOW QUALITY DIET AND LOW HDL LEVEL IN MOTHERS OF NORTHWEST MEXICO RELYING ON FISHERIES FOR LIVELIHOOD micronutrients, and compared them with the recommendations for their age (16, 17) .
Weight, height, and waist circumference were measured according to internationally standardized procedures to obtain body mass index (BMI) and abdominal obesity. The classification of BMI was made according to the references of the World Health Organization (WHO) (18) . The cut-off for high waist circumference to define abdominal obesity was > 80 cm according to the criteria for Mexican women of the Mexican Social Security Institute (16) . For the biochemical analysis, fasting blood samples were taken to evaluate the concentrations of hemoglobin; total, HDL, and LDL cholesterol; and glucose.
For the statistical analyses, we used as independent variable the four categories of food security (i.e., food security, mild, moderate and severe food insecurity), where food security was the reference category. The dependent variables were the consumption of food groups, macronutrients, and micronutrients, and the concentration of hemoglobin and total cholesterol, HDL and LDL. Consumption of food groups was handled as a dichotomous variable. For food groups expected to have lower risk (i.e., fruits, vegetables, legumes, unprocessed meats, pure water, eggs, dairy products and cereals), 0 = consumed the food group and 1 = did not consume the food group. For the food groups expected to have higher risk (i.e., processed meats, fast food and greasy foods, snacks, sweets and desserts, sweet cereals, non-dairy beverages and sweetened non-dairy, and dairy drinks), the categorization was reversed. The age, head of household, household size, marital and employment status, and education level were used as adjustment variables. Due to non-normal distributions, χ 2 and Kruskal-Wallis tests were used for bivariate analyses. For the association between the dependent variables and the categories of food security, logistic and linear regression without and with logarithmic transformations were used; the results were the same, so the untransformed results are reported. The analyses were performed in Stata version 11 and NCSS version 11 programs. A p-value ≤ 0.05 was considered as statistically significant.
RESULTS
Participating mothers had a mean ± SD age of 36.4 ± 8.9 years; BMI of 31.5 ± 6.6 kg/m 2 , and waist circumference of 101.9 ± 17.2 cm (Table I ). The prevalence of overweight and obesity was 88.4% and the prevalence of abdominal obesity was 94.5%. Sixty-nine percent of mothers were housewives, 42% completed basic education, and 25% of them were head of household. Mothers reported a mean monthly family income of 386 ± 183 USD, and used 80.7% of the total income for food acquisition. Two-thirds (68%) of mothers reported experiencing food insecurity, with 36% experiencing mild food insecurity, 21% moderate, and 11% severe.
The consumption of vegetables, legumes, unprocessed meats, eggs, and snacks, sweets and desserts was higher in food-secure households than in those with food insecurity on bivariate analyses, but the difference was only significant for the consumption of vegetables (Table II) . The intake of protein, added sugar, potassium, sodium, vitamin A and zinc differed significantly according to the category of food insecurity in bivariate analyses (Table III) .
After adjusting for socio-demographic and economic variables, food insecurity was significantly associated with the consumption of fruits, vegetables, and sweetened non-dairy drinks (Table IV) . Mothers with mild food insecurity had a 3.68 and 3.22 times higher odds of not consuming vegetables and fruits, respectively, and 4.87 times higher odds of consuming sweetened non-dairy drinks compared to mothers with food security. In addition, mothers with severe food insecurity had 7.95 times higher odds of not consuming vegetables compared to mothers with food security.
After adjusting for socio-demographic and economic variables, mothers with mild food insecurity had lower intake of protein (β = -3.22%, p < 0.01), but higher intake of carbohydrates (β = 6.04%, p = 0.02) compared to mothers with food security (Table  V) . In addition, mothers with severe food insecurity had lower intake of iodine (β = -24.41 µg, p = 0.03) than mothers with food security.
Overall, participants had normal hemoglobin (12.2 ± 0.95 g/ dl), glucose (94.15 ± 24.93 mg/dl), and total cholesterol levels (178.30 ± 31.07 mg/dl), but they had inadequate levels of HDL (50.16 ± 9.07 mg/dl) and LDL cholesterol (114.38 ± 31.24 mg/ dl). The levels of total and HDL cholesterol differed significantly between categories of food insecurity. Mothers with food security had 12.01 mg/dl more of HDL cholesterol than those with severe food insecurity (Table VI) . 
DISCUSSION
Food insecurity was associated with low quality diet and low levels of HDL cholesterol in mothers of Northwest Mexico relying on fisheries for livelihood. Food insecurity was associated with a lower consumption of fruits and vegetables and a higher consumption of sweetened non-dairy drinks. Mothers from food-insecure homes had less frequent consumption of food groups rich in micronutrients (19) (20) (21) .
Our findings are consistent with the low consumption of fruits and vegetables presented by the Mexican population. The most recent results of the National Health and Nutrition Survey of the Mexican population (ENSANUT, 2016) reported that only 42.3% of the adult population of the country consume fruits and vegetables. In addition, the consumption is below the average in rural locations and in the northern region of the country (including the Northwest of Mexico), being consumed by 35.8% and 34.6% of the population, respectively. Additionally, fruits were consumed by half of the Mexican adult population (51.4%), being higher in urban (53.5%) than rural (45.3%) locations (17) . Other studies reported for the Northwest region of Mexico, especially in Sonora, have documented low consumption of fruits and vegetables. In 1997, a basket of food consumption for Sonora and its contribution of nutrients was determined. It was found that fruits and vegetables, except for those used as seasonings in stews (tomatoes, chili and onion), are not part of the usual meals and are of secondary importance for the Sonoran population (22) .
In 2009, the causes, strategies, and consequences of food insecurity in families from urban, rural, border, and coastal areas of Northwest Mexico were analyzed. In that study, diets were high in total energy, saturated fat and sodium, as well as low in iron and vitamin A among the participants. This reflected a low consumption of fruits and vegetables and high food with high energy density, which satisfies the appetite, but not necessarily nourishes adequately (23) . In 2013, the conceptions and experiences of food insecurity of women who represent low-income households in Northwest Mexico were studied. Participants recognized that fruits and vegetables were important for a healthy life, but could not acquire them due to their economic limitation (3). This same barrier for the consumption of fruits and vegetables was found in the ENSANUT 2016, in which it was observed that the main obstacle for eating healthy was the lack of money to buy fruits and vegetables (17) . Other studies have also documented that the purchase of fruits and vegetables is lower as food insecurity is greater (24) .
On the other hand, in Mexico, average individual consumption of sugar-sweetened beverages increased 60% between 1989 and 2006. In 2011, Mexico had the largest per capita consumption of soft drinks worldwide, estimated at 163 liters per capita per year (25) . In 2012, the mean per-capita consumption of beverages was 382 kcal/d among adults aged ≥ 20 y. All beverages represent 19% of the total daily energy intake per capita. Caloric soda, caloric coffee/tea, and fresh water (natural fruit water sweetened with sugar) were the top three major contributors to the total daily energy intake per capita (26) . Table II In 2016, the ENSANUT highlighted the high frequency of consumption of sugar sweetened beverages by a considerable part of the Mexican population. This survey found that 86% of the population regularly consumed sugary drinks, and of this, 39% reported consuming them daily, while 33% consumed them several times a week (17) . Everyday knowledge and socialization practices have been described as determinants of sweetened beverages consumption in Mexican adults, particularly in those with low socioeconomic status. In this regard, several studies have established that integrating educational campaigns promoting the consumption of pure water and emphasizing the unhealthiness of sugar sweetened beverages can decrease the energy intake from beverages (27). In the ENSANUT 2016, despite the high frequency of consumption of sugary drinks, 92% of the Mexican population knows that their excess consumption is not healthy and knows the negative consequences of high consumption. This knowledge may be the result of exposure to health campaigns that expose the damage caused by high consumption of sugary drinks (17) . These educational campaigns have been included within initiatives proposed by the federal government of Mexico, which seek to reduce the consumption of these beverages through changes in taxes that make pure water more accessible and the sugar-sweetened beverages less accessible (25, 26) . After Mexico implemented a 1 peso per liter excise tax on sugar-sweetened beverages on January 1st, 2014, purchase of sugary drinks decreased by 7.6% in the 2014-2015 period. Households at the lowest socioeconomic level had the largest decreases in purchases of taxed beverages (28) . Additionally, a price increase in soft drinks has been associated with a larger quantity consumed of water and milk and a decrease in the consumption of other sugar sweetened beverages, snacks, and candies. Higher elasticities have been found among households living in rural areas, in more marginalized areas, and with lower income. Fiscal approaches such as taxation continue to be recommended as a public health policy to reduce sugar-sweetened beverages consumption (25) .
Worldwide, food insecurity has been associated with higher intakes of fruit juice and other sugar-sweetened beverages (e.g., lemonade, sweetened tea, fruit punch, Kool-Aid ® ) (29) . In this regard, in our analysis of dietary intake, higher intake of food products containing carbohydrates and added sugar occurred among mothers with mild food security.
The preference for consuming sugary drinks and junk food and the distaste for the taste of vegetables are other perceived barriers to healthy eating (17) . Food-insecure people are more likely to report cost and taste as barriers to healthy food consumption than food-secure people (30) . In this regard, the association between food insecurity and the lower consumption of healthy food groups and poor diet quality may be mediated, in part, by the low cost of energy-dense foods and may be reinforced by the high palatability of sugar and fat (31) . Household food insecurity has been previously hypothesized to promote dependence on inexpensive, highly palatable foods that are energy dense (21) .
Food-insecure families often consume foods with high energy density such as refined carbohydrates, added sugars and fats which only provide "empty calories" and, therefore, do not provide vitamins, minerals or other nutrients associated with the health and well-being of people (6, 32, 33) . Therefore, it is expected that the consumption of proteins is significantly lower in mothers with slight insecurity since they substitute the consumption of high protein foods for foods and drinks high in carbohydrates and added sugars.
Previous studies have found that in households experiencing food insecurity, there is less availability and low intakes of animal products, fruits, vegetables, milk and lean meats (6, 19) . Particularly in studies with women living in food insecure homes, a lower weekly average consumption of fruits, vegetables, meats, fish, seafood, milk and milk products has been reported compared to food secure homes (20) ; this can explain the low intake of micronutrients. In our study, the consumption of potassium and vitamin A (micronutrients contained in fruits and vegetables) and iodine and iron (contained in meats) was significantly lower as food insecurity was higher. That reflects not only restrictions on quality or variety of diet, but on economic and social access to a greater variety of foods. Other studies have shown significantly lower levels of potassium and fiber intake among food-insecure groups (21) . In addition, women from food-insecure households had inadequate intakes of vitamin A, E, C and pyridoxine, as well of folate, thiamin, niacin, iron and magnesium (21, 34) . Compromising dietary intakes in the context of household food insecurity heightens the vulnerability for nutrient inadequacies (35) .
Households with food insecurity not only guide their decisions for the acquisition of food because of the price, but for other issues such as the perception they have on the ability of the kind Although the economic resources is the main criterion that families use to acquire food, the experience of food insecurity has other cultural or symbolic dimensions that are not exhausted in their economic dimension (6) . Mothers with food security in our study had a significant higher sodium intake compared to those in food insecurity. This may be because in food security households there was a higher consumption of food with high sodium content such as processed meats; we found that they had a greater intake of food from this group. Thus, living in a food-secure household did not guarantee optimal dietary intake.
Mothers with food security had a significantly higher HDL cholesterol level than mothers with severe food insecurity. In studies with young and old adults, those from food-insecure families had lower serum concentrations of HDL cholesterol, albumin, vitamin A, and vitamin E (21) . People with food security were more likely to have lower fasting serum glucose, total cholesterol, LDL cholesterol and triglycerides and lower hemoglobin levels than those with food insecurity (7) (8) (9) (10) (11) 36, 37) . Previous research studies have demonstrated that household food insecurity is associated with dietary compromise and are corroborated by studies documenting lower serum nutrient concentrations among adults in households characterized by food insecurity (35) .
The finding that mothers from Kino Bay, especially those living in food-insecure homes, have lower quality and less diverse diets is of particular concern. It is widely known that the consumption of a variety of good quality foods is important for preconception, prenatal, and postnatal nutrition as well as overall health. Eating a diverse diet also ensures the presence of beneficial phytochemicals, promotes balance among nutrients that influence micronutrient absorption and utilization, and moreover, reduces the risk for multiple micronutrient deficiencies (20) .
Some coastal communities, such as Kino Bay, have been experiencing complications in fishery, the main economic activity in these regions, due to environmental problems and lack of control of human activities (e.g., the introduction of exotic species deliberately or accidentally impacting native species, the disturbance of the fauna, clandestine hunting, contamination of the coastal zone, alteration of habitats, and the increase in population). Such phenomena impact on families who depend on this activity, increasing the risk of food insecurity, where mothers are one of the most affected (12) . Food insecurity had been identified long ago as one of the main problems affecting fishing communities. The Food and Agriculture Organization (FAO) observed that the people engaged in these activities and their families continue, with few exceptions, to live at the margin of subsistence and human dignity. In addition, it was showed that food insecurity is endemic among artisanal fishers in terms of availability and quality of food, and diversification of diets (38) .
In many societies, women add substantial economic value to fish caught and landed by men through their control of processing and marketing activities. Recognizing this contribution will promote the empowerment of women, increase their participation in management and stewardship, and address issues of food security and development (39) . Therefore, policy makers should focus on interventions that help prevent and reduce poverty, as well as improve the food security of fishing families, in order to protect their food consumption and livelihoods. Making the link between women's contributions to fisheries, and development on a broader scale as women play a key role in health, nutrition, and poverty reduction (38, 39) .
